This work utilized temperature-salinity (T-S) diagram to
INTRODUCTION
Malaysian coastal water physical properties and dynamical movements are influenced by monsoon winds. Atmospheric global wind patterns play a tremendous role to influence the physical properties of ocean. In this regard, such physical properties of temperature and salinity are mainly affected by the physical properties of atmospheric layer that exists exactly above the ocean's surface. In tropical zone, such as east coast of Peninsular Malaysia, the water circulation of South China Sea is subjective by wind monsoon patterns (Su and Weng, 1994; Quanan et al., 2007; .
At present, there has been a great lack of observational data in the South China Sea, along Malaysian coastal waters. Since Wyrtki (1961) , Alejandro and Saadon (1996) , Saadon and Marghany (1996) , Zelina et al. (2000) , Marghany and Hussien (2003) , Marghany (1994 Marghany ( , 2009a Marghany ( , b, 2010 Marghany ( , 2011 , Marghany et al. (2010a, b) studies on the physical oceanography, respectively, there are no significant improvements in understanding the coastal water circulation of Kuala Terengganu. Wyrtki (1961) reported that physical water properties of the South China are governed by monsoon wind patterns. Marghany (1994) , Alejandro and Demmler (1997) and Zelina (2000) agreed that monsoon seasons can be divided into: (1) Two monsoon seasons, and (2) Two transitional periods. Recently, Deni et al. (2010) reported that the southwest monsoon is from May to August, and the northeast monsoon is from November until February. The southwest monsoon is a drier period, while during the northeast monsoon (Chun et al., 2008; Islam et al., 2011a; Islam et al., 2011b; Islam et al., 2011c; Jameel et al., 2011) , the east coast and northern areas of Peninsular Malaysia receives more heavy rains than the other parts. Conversely, Alejandro and Demmler (1997) , stated that special features of the intermonsoon periods are that no consistent wind flow and thunder accompanied with heavy rains with showers take place mostly in the evenings. It is difficult to pinpoint the exact places where showers could be expected. Sea breezes have a greater effect during the intermonsoon period. The rain clouds form in the hilly areas and also create thunder and lightning (Zelina et al., 2000) .
Ocean physical properties are not satisfactory limits to understand the impact of monsoon wind pattern in coastal dynamical movements. These limits cannot be imposed separately, because the features of the sea circulation are complex and a challenge for human to grasp. It is necessary to compile between temperature, salinity and water density to understand the mechanism of coastal water circulation. In fact, density differences between water masses are arising force that impels water movements, usually vertical movements. The flow of the major deepwater circulation is caused by gravity pulling the denser water masses downwards, displacing lighter masses upward. In general, an oceanographic water mass is an identifiable body of water with a common formation history which has distinctive physical properties from surrounding waters. These include temperature, salinity, chemical-isotopic ratios and other physical quantities. Recently, used the sea temperature, salinity and dissolved oxygen to find out the quantity of water mass types in the Malacca Straits. They found that monsoon winds affected the spatial variation of these features. Nevertheless, the water mass pattern can not be studied by isothermal and isohaline counters. The conventional method of water mass studies is based on temperature-salinity (T-S) diagram. Therefore, this study is aimed to find out the water mass types in the South China Sea, along the east coast of Peninsular Malaysia, Kuala Terengganu. In addition, the study hypotheses that intermonsoon period could have impact on water masses spatial variation, although, it has no consistent wind pattern.
RESEARCH METHODS

Study area
The study area is situated in the east coast of Kuala Terengganu which is located on the eastern part of the Peninsular of Malaysia. According to Marghany et al. (2010) , the coastal water is less than 50 nautical miles from shore and is quite shallow with the deepest area being about 50 m. The bottom has gentle slopes, gradually deepening towards the open sea. A clear feature of this area is the primary hydrologic communications between the estuary and the South China Sea which is the largest estuary along the Kuala Terengganu (Alejandro and Demmler, 1997; Marghany et al., 2009) .
East coast of Peninsular Malaysia, borders the South China Sea, the largest water body in Southeast Asia and faces the continental shelf of Sunda platform, which has water depths not exceeding 100 m. Air temperature is uniform throughout the year, varying from 24 to 28°C with an average humidity of approximately 80%. The average amount of cloud covering over the sea (50 to 75%) is also constant (Zelina et al., 2000) . The northeast and southeast trade Marghany 1295 winds converge near the equator. The convergence of these winds causes air mass to rise and condense at high altitude. This narrow area of convergence is called inter-topical convergence zone (ITCZ). The ITCZ passes Peninsular Malaysia twice a year Alejandro and Demmler, 1997; Zelina et al., 2000) . The climate (dominated by the ITCZ which moves through the area in a seasonal cycle, brings the northeast monsoon between November and March and the southwest monsoon between May and September. Annual rainfall is greater than 300 mm on the coast and 250 on the islands (Zelina et al., 2000) . According to Marghany et al. (2009) , there are four seasons: The two monsoons and the two transitional inter-monsoon periods. The monsoon winds and tidal effects affect the seas around Malaysia. The winds during the northeast monsoon are normally stronger than the southwest monsoon (Wyrtki, 1961; Zelina et al., 2000) . The accompanying waves are with a height that exceeds 3 m (Chua, 1984) .
In situ measurements and water mass detection
This study is conducted in two phases. The first phase is carried out on September 2002 and October 2003 along the coastal waters of Kuala Terengganu (Figure 1 ). In doing so, more than 100 sampling locations are chosen (Figure 1 ). The field cruises are conducted separately, area by area on the east coast of Kuala Terengganu, Peninsular Malaysia. In fact, it is major challenge to cover a largescale area over 700 km 2 in short period using conventional techniques. Six regular observational lines which are located between 6.00°N and 102° 30'E and 6.00° 30'N and 104.00° 00'E as shown in Figure 2 . Serial observations were made from water's surface to water depth of about 60 m.
Hydrolab equipment is used to acquire vertical water temperature and salinity profiles. Every field cruise has been conducted on 5 days in the east coast of Malaysia. Following Marghany and Mazlan (2011) , the hydrolab instrument is lowered down from the sea surface to the sea bottom using winch. After it is lowered down to its wanted depth, the information about temperature and salinity are collected digitally and then transfer to the computer through a cable which is connected from the equipment to the computer. The record of digital reading is takes every 10 s with every 5 m water depth intervals.
To identify the water mass, or water masses which are present at a given location in the ocean, a set of observations of temperature for consecutive depths are plotted, temperature versus the salinity. This plot is called a T-S diagram. Lines of isopycnal curve from the lower left to upper right on a T-S diagram. Isopycnal curve is the locus of temperature and salinity values which yield seawater of the indicated density, at the specified water depth.
Let two water masses characterized by two points, 
The distance d, from the two end points of any point on the line between water types is inversely proportional to the ratio mixing and can be calculate by:
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RESULTS AND DISCUSSION
T-S diagram is a graph showing the relationship between temperature and salinity as remarked together, for instance, specified depths. Isopleths of constant density are often also drawn on the same diagram as a useful extra interpretation aid (Figures 2 to 4) . Figure 2 shows that the individual T-S diagrams have been drawn within spatial variations of 6 transect lines (Figure 1) . Clearly, the water mass types are slightly different from transect to another. The core of water mass is dominated by density of 21.00 kg/m 3 , salinity of 33.7 psu and temperature of 28.7°C. There is slight difference of water density of 0.37 between the six transects. The water masses in the fifth and sixth transects, consequently, are separated as the boundaries are well-defined (Figure 2e and f). The three water masses were noticed along fifth transect with density ranging from 19.8 to 21.8 kg/m 3 ( Figure 2e ). However, the other three water masses were noticed along the sixth transect with density ranging between 19.5 and 22.00 kg/m 3 with difference of 2.5 kg/m 3 ( Figure 2f ). Consequently, the slight difference between the six transects show mixing event. This confirms the studies of Marghany (1994) and Zelina et al. (2000) and Marghany and Mazlan (2011) . (Figure 3) . Though, Figure 4 shows that the core of water mass is dominated by water density of 20.4 kg/m 3 , salinity 32.8 psu and cold temperature of 29.4°C. The density difference is fairly small between September and October because of vertical well mixing in the coastal water of Kuala Terengganu. In addition, the proportion of water masses that contribute to the mixed water at 40 m depth is 33.3% for September 2002 and about 44.4% for October, 2003. The total percentage of the mixing between water masses of September and October is approximately 41.12%. Clearly, in October, the core water continues to be affected by mixing both above and below, the sharp angle on T-S diagram is eroded away as compared to one in September. The T-S diagrams suggest the stability of water column of Kuala Terengganu as its density increases downward towards increasing the depth. These means that the water mass in intermonsoon period is the eroded core of the southwest monsoon period water mass.
September and October represent the intermonsoon period between the southwest monsoon (May to August) and the northeast monsoon period (November to March). In this regard, the wind patterns do not have consistent flow (Saadon and Marghany, 1996; Marghany et al., 1999) . The wind is much weaker than northeast monsoon wind and the cloud covers are less when compared with the northeast monsoon period (Saadon et al., 1997; Alejandro and Demmler, 1997) . This means that the intermonsoon period is considered as the beginning of the northeast monsoon period. This plays extreme role in inducing mixing. In fact, turbulence produced by strong winds mixes down the momentum input throughout the mixed layer. It is suggested that during the intermonsoon period, the water masses are to be mixed. The shallow coastal water of 40 m depth and wind pattern speed of 6 m/s are to quicken the mixing. In homogenous coastal, such as Kuala Terengganu, the kinetic energy of turbulent motion is dissipated by viscosity only.
Furthermore, the ratio of October is about 4.7. Finally, intermonsoon water masses are dominated by cold water. This is because of the influence of wind, heavy cloud covers and moderate amount of heavy rainfalls of 220 mm. In fact, heavy cloud covers prevent the incoming heat from the sun and produces rain that decreases the temperature of the seawater. These results are not similar to the work done by Amiruddin et al. (2010) . In fact, Amiruddin et al. (2010) implemented isohaline and isothermal contours to study water mass types with combination of dissolved oxygen. Nevertheless, researchers have agreed that such technique can only be used to understand the mechanism of thermohaline circulation (Wyrtki, 1961; Knauss, 1978; Lie, 1984; Marghany, 1994; Marghany and Hussien, 2003) . Consequently, T-S diagram is considered as the reasonable method to understand the water mass characteristics. The core method can be used to find out the length of mixing between different water masses (Jilan, 2004) .
Conclusion
This work has demonstrated a technique to explore the physical properties of water masses during intermonsoon period. In doing so, T-S technique is implemented with in situ measurements of seawater temperature and salinity in September 2002 and October 2003. Then, the T-S diagrams for 24 sampling stations have been modelled using Python interface to NCAR Command Language (NCL)'s graphics library (PyNGL). In addition, percentages of mixing ratio of water type and mixing length is calculated based on T-S diagrams. It is interesting to find that the water masses are well mixed during intermonsoon period. The core of intermonsoon water mass is dominated by water density of 20.4 kg/m 3 , salinity 32.8 psu and cold temperature of 29.4°C. Furthermore, the proportion of water masses that contributed to mix event is about 33. between September and October is about 4.7. In conclusion, intermonsoon wind patterns induces well mixing event in the coastal water of Kuala Terengganu which is been speed up by shallow water depth. T-S diagram is the appropriate method to explore the mechanism of coastal water circulation. It provides the mixing length and core of water mass formed.
